Background: Emotional and behavioral problems have been noted in a considerable number of patients after open-heart surgery. However, great discrepancy exists in the literature regarding the frequency and the course of psychiatric symptoms, cognitive performance, and quality of life among those patients. This prospective study was designed to assess the pre-and postoperative psychiatric profile, as well as the quality of life of patients undergoing open-heart surgery. Methods: One hundred patients who were prepared for cardiac surgery and met our selection criteria were recruited in this study. Each patient was subjected to the Hospital Anxiety and Depression Scale, the Mini-Mental State Examination with selective subtests of Wechsler Adult intelligence scale, and the Short Form 36 questionnaire to assess psychiatric symptoms, cognitive performance, and quality of life respectively. Assessment was done for each of the evaluated items before surgery as well as at 1 week and 6 months postoperatively. Results: The anxiety and depressive symptoms were significantly lower at 6 months postoperatively than preoperatively. The cognitive performance declined after 1 week, then improved significantly at the 6-month follow-up. The quality of life scale was significantly lower preoperatively than after surgery. Conclusions: Anxiety and depressive symptoms, which occurred in substantial percentage of patients undergoing open-heart surgery, were gradually improved with time. Cognitive functions showed early deterioration with significant improvement at 6 months. Psychiatric problems had an adverse impact on patients' quality of life which raised the importance of psychiatric consultation before and after cardiac surgeries to shorten recovery time.
Background
Postoperative psychiatric disorders and cognitive dysfunction are among the important causes of morbidity and mortality following cardiac surgery [1] . After coronary artery bypass grafting (CABG) surgery, up to 60% of patients experienced depressive symptoms, and about 23% of patients suffer from major depression that are usually associated with poor quality of life and degeneration of venous grafts [2] . Additionally, anxiety symptoms were documented in approximately 40% of patients before cardiac surgery with expected gradual improvement few weeks after surgery [3] . However, the time and the course of postoperative anxiety and depression remain a source of considerable debate [4, 5] .
Postoperative cognitive decline is another troublesome issue after cardiac surgery. Some studies showed that CABG patients had worse cognitive profile at baseline, with gradual improvement over a period of 1 year [6] . On the other hand, other studies [7] established an early improvement in cognitive performance among CABG patients followed by late cognitive decline. Van den Goor et al. [8] reported that uncomplicated open-heart surgery has no harmful effect on cognitive functions. Assessment of time, course, and severity of cognitive decline after CABG surgery is crucial for early application of neuroprotective approaches [9] .
Despite important advances in techniques for anesthesia and cardiac operations, open-heart surgery remains a major life event that has an important impact on the patients and their families [1] . Nowadays, the surgical treatment of heart diseases is aiming not only to alleviate patients' symptoms but also to improve quality of life (QOL) and increased survival rate after surgery [10] .
The objective of this prospective study is to evaluate the psychiatric symptoms, cognitive profile, and QOL before and after cardiac surgery in 100 patients undergoing open-heart surgery with short-term follow-up. Additionally, the study assessed the different predictors affecting the above-mentioned items.
Methods
This prospective study was carried out at Neuropsychiatry and Cardiothoracic Surgery Departments in Tanta University Hospital from October 2016 to November 2017 after approval of the institutional ethical committee. One hundred patients, who were prepared for openheart surgery, were recruited in this study. Inclusion criteria involved cases between 18 and 65 years who have completed more than 6 years of education (to be able to participate in the psychological evaluation). Patients were excluded if they did not meet the inclusion criteria or if they suffered from any history of previous/current psychiatric, neurological, and/or serious metabolic disorders that could affect their cognitive functions.
After obtaining an informed consent, all patients were subjected to full psychiatric history, mental state examination, and physical and neurological evaluations. Laboratory works (complete blood count, serum urea, serum creatinine level, liver function test) were done preoperatively to exclude patients who have serious metabolic disorders that might affect the sensorium.
Psychiatric assessment included Hospital Anxiety and Depression Scale (HADS) and psychometric tests. Each item was evaluated preoperatively (within 48 h prior to surgery) and postoperatively (at 1 week and 6 months after operation). The Arabic form of HADS was used to identify and rate symptoms of anxiety and depression [11, 12] . Comprehensive psychometric tests were done for measuring global cognition using the Arabic form of the Mini-Mental State Examination (MMSE) [13, 14] . The cognitive domains (attention/psychomotor speed, verbal memory, and visuospatial memory) were assessed by selective subtests of Wechsler Adult Intelligence Scale (WAIS-IV) "Digit span, Arithmetic, Digit symbol and Block design tests" in its Arabic form [15] . The Arabic form of the Short Form 36 questionnaire (SF-36) was used for quantitative assessment of health-related quality of life (HRQOL) [16, 17] . The SF-36 questionnaire yields an eight-scale multi-item profile of physical and mental health domains (general health, bodily pain, physical functioning, role physical, vitality, social functioning, and role emotional and mental health).
Additionally, the effect of certain patient-related factors (age, sex, habits, and comorbidities) and surgeryrelated factors (type of surgery, ischemic time, intensive care unit-length of stay, total bypass time and postoperative delirium) on outcomes were also analyzed.
Statistical analysis
Data were analyzed using Statistical Program for Social Science (SPSS) version 20.0, IBM, Armonk, NY, USA. Quantitative data were expressed as mean ± standard deviation (SD). Qualitative data were expressed as frequency and percentage. A one-way analysis of variance (ANOVA) was used for comparison among different time points. Pearson's correlation coefficient (r) test was used for correlating data.
Results
Of the total participants (n = 100) in the study (Table 1) , 54 (54%) were male and 46 (46%) were female. The mean age of this study was 46.7 ± 12.1 years. Most of the patients (83%) were smoker, and 17% were non-smoker. Regarding preoperative comorbidities in the studied patients, 31% were hypertensive and 13% were diabetic. Seventy patients (70%) undergone valve replacement surgery, 27 (27%) had CABG, and 3 (3%) had combined CABG and valve surgery. During the surgery, the mean intra-operative ischemic time was 90.23 ± 28.94 min, and the mean intra-operative total bypass time was 132.45 ± 35.04 min. The mean intensive care unitlength of stay (ICU-LOS) after surgery was 4.36 ± 3.26 days, and the number of patients who had postoperative delirium was 22.
Regarding the incidence of anxiety symptoms, 30% of patients had preoperative anxiety symptoms, decreased to 12% at 1 week after surgery, and reached to 6% at 6 months after surgery. The depressive symptoms were encountered among 18% of the patients at the preoperative records, which decreased after surgery to 9% and 6% at 1 week and 6 months respectively. When the mean scale values of anxiety were compared through the three phases, there was a statistically significant improvement (P < 0.001) in these symptoms at the final records as compared to preoperative values (Table 2 ). However, most of this improvement occurred at the first postoperative week (P < 0.006). As regards depressive symptoms, there was a statistically insignificant improvement (P < 0.208) in the mean values of these symptoms at 1 week after surgery, as compared to preoperative values, with a statistically significant improvement (P < 0.012) at 6-month record ( Table 2) .
As regards cognitive performance, there was an insignificant decrease in MMSE score at 1 week postoperatively (P < 0.238), which began to improve after 6 months without statistically significant difference (P < 0.774). The mean values of Digit span, Arithmetic, Digit symbol and Block design tests were significantly lower 1 week after surgery than both preoperatively and after 6 months ( Table 2) .
The mean value of SF36 showed a statistically significant difference through the different record times. The mean of the eight domains of SF36 was lower preoperatively than 1 week after surgery and after 6 months (Fig. 1) .
Regarding the effect of different variables on the outcomes (Table 3) , age and diabetes mellitus had a statistically significant inverse correlation with anxiety and depressive symptoms. Additionally, hypertension, age, total bypass time, ischemic time, and delirium were significant factors predicting cognitive performance with a statistically significant inverse correlation. The diabetes mellitus and ICUL-LOS had a statistically significant inverse correlation with mental and physical HRQOL (Table 3) . Anxiety and depression scales had significant inverse correlations with both physical and mental components of HRQOL (Table 4 ). Global cognitive functions, as monitored by MMMS, were significantly correlated with both components of the SF-36 questionnaire (Table 4) .
Discussion
Nowadays, surgeons centered their attention on the physical and mental recovery after operations [5] . Various studies [18] have reported that psychiatric problems, particularly depression and anxiety, occur in proportions of patients undergoing cardiovascular surgery.
We reported that anxiety scales showed a significant improvement at the first postoperatively week compared to the preoperative baseline values and continued to improve, though insignificantly, thereafter. Depressive symptoms were statistically significantly improved after 6 months postoperatively when compared to the preoperative value. These results were coinciding with the results of Hoyer et al. [4] who found that anxiety and depressive symptoms decreased 6 weeks after surgery and remained stable at 6-month follow-up. Petersen et al. [5] reported comparable results at 6-month follow-up. Conversely, at the first postoperative week, they reported that anxiety symptoms were not changed significantly from the preoperative value, and depression increased significantly when compared with their preoperative baseline values. These debates in the findings of Petersen et al. [5] may be attributed to their inclusion of older age population (mean age 62 years), which may reflect the effect of age-related changes and the duration of preoperative admission with different timing in obtaining their preoperative value (up to 1 week before surgery). Hernandez-Palazon et al. [19] emphasized that lengthy preoperative hospital stay demonstrated a greater anxiety score among patients undergoing CABG.
In the current study, 30% of patients had preoperative anxiety symptoms and 18% of patients had preoperative depressive symptoms. This incidence was in the middle of the spectrum reported in the literature for these symptoms that varies from 20 to 35% for anxiety and from 8 to 47% for depression [2, 20] . This wide range among different series could be explained by the use of different methods of diagnosis, several scales for symptom evaluation, and by the variation in selection criteria and patient characteristics among studies. As regards factors predicting anxiety and depressive symptoms, in this research, there was no impact of gender on HADS, which agree with the results of Hernandez-Palazon et al. [19] . In contrast, Koivula et al.
[21] observed a higher preoperative anxiety level in women prepared for cardiac surgery. The reason for this variation may be explained by hormonal fluctuation in women. In our work, there was no influence of smoking on HADS scores, and this result was in the same line with Thomsen et al. [22] who found that smoking might affect the wound-healing process without improving anxiety. A significant correlation between HADS Scale and ICU-stay was not observed in our study that coincided with the work of Poole et al. [23] . In contrast, Milton et al. [24] documented a positive relationship between symptoms of anxiety and depression with the length of ICU stay, but the latter study was on all ICU patients and not only patients with open-heart surgery. In the current study, elderly patients and those with comorbid diabetes mellitus had greater degrees of anxiety and depression. Eng et al. [25] also documented that patients, who had comorbid diseases, were more prone to psychiatric symptoms which could be attributed to the additional burden of these comorbidities on their health. Aging and comorbid diseases might interrupt the daily activities of the patients and caused them to feel easily fatigued, restless, anxious, and more depressed.
Cardiac patients usually have cardiovascular disease and/or systemic hypertension, which can reduce blood flow to the brain, increase the incidence of brain damage, and affect cognition. Accordingly, it is important to [26] . The current study observed a significant postoperative cognitive decline (POCD) in the studied neuropsychological tests (for attention, verbal memory, and visuospatial memory) during the first postoperative week that improved significantly at the 6-month follow-up. These results were in the same line of Bruce et al. [27] who documented that 44% of CABG patients achieved poor results in cognitive assessment in the first week after surgery, and they recovered to their preoperative levels by 8 weeks. They explained the POCD by the effects of mood state, the recovery from anesthesia, and the postoperative pain. Bokeriia et al. [28] found that about 40% of patients had short-term POCD in the first weeks after cardiac surgery, usually improving few months after discharge. They proposed that the microembolic load at the left and right middle cerebral artery associated with a verbal and nonverbal memory declines respectively. On the contrary, Knippa et al. [29] found that memory impairment and decreased verbal learning after CABG can persist for months. Newman et al. [30] documented early improvement in cognitive performance in CABG patients followed by a later cognitive decline (incidence of POCD was 24% at 6 months after operation, and increased to 42% at 5 years). These divergent findings may be related to the longer duration of follow-up or due to the older age of patients of the later studies (mean age in Newman et al. study was 61 years and in Knippa et al. was 67 years) that may be associated with involution changes in brain structure and function, which may affect cognition.
As regards predictors affecting cognitive functions, this research found no significant differences in cognitive performance between male and female patients and also between smokers and non-smokers. These results were in the same line with many of previous studies [26, 31, 32] . In our work, we found no role for ICU-LOS on cognition as documented also by Harrington et al. [33] . However, we observed that hypertension, age, total bypass time, ischemic time, and delirium were strong predictors of cognitive performance and had a statistically significant inverse correlation with it. Glance et al. [34] and Tarakji et al. [35] also reported a strong association between cognitive impairment and comorbid hypertension. Systemic hypertension may lead to structural and functional cerebro-vascular changes responsible for the cognitive deficits. Conversely, in the study of Cormack et al. [36] , hypertension was not a significant predictor of cognitive outcome. Many of previous studies [28, 37] agree with our findings that postoperative verbal memory decline was correlated with length of bypass time. In contrast to our study, Nguyen et al. [31] observed no differences in cognitive functions between the delirious and non-delirious subjects after 6 to 9 months. This dissimilarity in the reported severity and type of cognitive dysfunction between different studies may be attributed to the difference in: methodology, study population characteristics, the selected definition of cognitive impairment, and the time of postoperative evaluation.
Quality of life is progressively being evaluated as a crucial outcome in patients after open-heart surgery. In our study, the HRQOL had a significant improvement (p < 0.05) in the first postoperative week, and this improvement was well maintained at the sixth postoperative month. This is in agreement with Sibilitz et al. [38] who also documented marked improvement on HRQOL at 6-month follow-up after heart valve surgery. Petersen et al. [5] reported initially significant poor outcomes in HRQOL at the first postoperative week, with gradual improvement up to 6 months after surgery. Many other studies [36, 37] reported up to 26.8% and 58.4% nonimprovement rates in physical HRQOL and mental HRQOL respectively within 2 years after coronary intervention. The variation in the results may be explained by the age difference between studies, the application of different methods for assessing QOL, the use of various techniques for statistical analysis, and the dissimilar criteria for classifying patients as improved, remaining stable, or deteriorated. The study of Middel et al. [39] found a decline in HRQOL 6 months after CABG surgery, and they explained their results by the influence of psychiatric disorders and type D personality (negative affectivity and social inhibition) that considered crucial factors for poor outcomes. All these variables were excluded in our study, which could explain our superior results.
When studying predictors affecting HRQOL, the current study established that mental and physical HRQOL was not affected by gender difference and this was in the same line with Diab et al. [40] . On the contrary, Le Grande et al. [41] reported that female had a decline in postoperative QOL and explained that with poorer emotional state that may affect mental HRQOL. Kurlansky et al. [42] found that male sex was correlated with worse HRQOL, but their patients were around 80 years and were undergone isolated CABG. Additionally, our work found no role for cigarette smoking on mental and physical HRQOL as documented also by Hein et al. [43] . Lindsay et al. [44] had an opposite view as they found that smoking affects the HRQOL significantly at long-term follow-up and they deemed that progression of atherosclerosis, particularly in vein grafts, is the cause of their finding.
The ICU-LOS and diabetes mellitus were the significant predictors of mental and physical QOL in our work Younes et 
that had a statistically significant inverse correlation with it. Kurlansky et al. [42] had the same opinion as they found that diabetes mellitus and postoperative ICU treatment > 3 days and cardiac symptoms > 120 days before the operation have been associated with poor HRQOL. Le Grande et al. [41] added that certain diseases (as myocardial infarction, atrial fibrillation, chronic heart failure), some demographic factors (as work status), and psychological distress could affect the HQOL. Welke and colleagues [45] found that high body mass index > 35 kg/m 2 , comorbid chronic obstructive pulmonary disease, and peripheral vascular disease were related to poor HRQOL after CABG, but these variables were not studied in our research.
The current study supports previous findings [39, 46, 47] that anxiety and depressive symptoms had an adverse impact on physical and mental HRQOL. Furthermore, the decline in cognitive performance of the patients was also associated with poorer HRQOL scores. These findings raise the importance of psychiatric consultation before and after cardiac surgeries to improve functions and shorten recovery time.
Limitations
The main shortcomings of this study are the absence of a control group and the short-term follow-up. Future studies would need to replicate the findings of this work with a larger sample size and with a long-term follow-up to understand the changes in psychiatric profile and cognition performance following heart surgery. Also, comparing the postoperative psychiatric/cognitive profiles of cardiac surgery patients with group of patients receiving prophylactic psychiatric therapy may aid in evaluating the progression of mental function after surgery.
Conclusions
Anxiety and depressive symptoms, which occurred in 30% and 18% respectively of our patients, had an adverse impact on HRQOL and were gradually improved with time. However, cognitive functions showed early decline followed by improvement at 6 months. These findings raised the importance of psychiatric consultation, pharmacotherapy, and cognitive therapy before and after cardiac surgeries to improve surgical outcomes and to enhance patients' HRQOL. A team of psychiatrists with cardiac surgeons should work together to prevent any psychiatric complications that might associate cardiac surgery. 
